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Tumors are complex arrangements of tissues made up of several components,
including dense masses of cancer cells and re-organized extracellular matrix
(ECM). Recent studies have revealed the crucial role that extracellular matrix
components have on single cancer cell behavior, but how the interaction of
ECM components affects the growth dynamics of an entire tumor is not fully
understood. Here, we use human derived fibrosarcoma cell (HT1080) aggre-
gates in combination with live cell imaging, cryo-stat sectioning, immunostain-
ing, and confocal imaging to study changes in cell aggregate size, proliferation,
and spatial distribution within three dimensional (3D) matrices. We compare
our experimental observations with a coupled partial differential equations
based mathematical model to predict cell aggregate growth and cell density dis-
tribution and determine how cell interactions play a significant role in this dy-
namic growth. using this model, we investigate the distinct contributions from
cell migration, proliferation, cell-matrix interactions, and matrix remodeling to
the aggregate dynamics.
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Solid tumors are characterized by high interstitial fluid pressure, which serves
as a barrier to drug delivery and an indicator for poor prognosis (Milosevic et
al. Cancer Res. 2001). Elevated intratumoral fluid pressure drives fluid efflux
from the tumor and high interstitial flow velocities at the tumor margin. Re-
cently, we have demonstrated that interstitial flow (~3 m/s) influences the direc-
tion of tumor cell migration through two competing mechanisms (Polacheck et
al. PNAS 2011). At low cell density and active autocrine chemokine receptors,
cells migrate in the direction of flow, while at high cell density or when auto-
crine chemokine receptors are blocked, cells migrate upstream, against the
flow. Tumor cell migration in the direction of flow has been well characterized
by the autologous chemotaxis model (Shields et al. Cancer Cell 2007), but the
mechanism leading to upstream migration remains unclear. Here, we discuss
the nature of fluid stresses imparted on cells embedded within a porous me-
dium, and we introduce a microfluidic platform that we have developed to study
the effect of these stresses on cell migration. We demonstrate that interstitial
fluid stresses result in a transcellular gradient in matrix adhesion tension.We
further show that these stresses result in a statistically significant accumulation
of vinculin and actin on the upstream side of the cell, where matrix adhesion
tension is maximized. Interstitial flow affects matrix remodeling and results
in increased matrix degradation on the downstream side of the cell; however,
we observe upstream vinculin and actin accumulation even when MMPs are
blocked, further suggesting that the fluid stresses and not matrix remodeling
are responsible for the observed vinculin and actin distribution.
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Molecular motors, such as kinesins and myosins, as well as molecular switches
such as G-proteins, use the energy from nucleotide hydrolysis to carry out cel-
lular tasks. In addition to the P-loop, these proteins use similar structural motifs,
called switch 1 and switch 2, to sense and respond to the presence or absence of
the gamma-phosphate of the nucleotides and coordinate nucleotide hydrolysis.
We have developed a strategy to probe metal interactions within kinesin and
myosin molecular motors, by taking advantage of the differential affinities of
Mg(II) and Mn(II) for serine (-OH) and cysteine (SH). We present the crystal
structure of a kinesin motor domain bound to MnADP and report on a serine-to-
cysteine substitution in the switch 1 motif of kinesin that allows its ATP hydro-
lysis activity to be controlled by adjusting the ratio of Mn(II) to Mg(II). Thismutant kinesin binds ATP similarly in the presence of either metal ion, but
its ATP hydrolysis activity is greatly diminished in the presence of Mg(II).
In kinesin-1, kinesin-5, kinesin-10 and kinesin-14, this defect is rescued by
Mn(II), providing a way to control both the enzymatic activity and force-
generating ability of these nanomachines. We also present ATPase data for
an analogous substitution in the switch 1 of non-muscle myosin-2 from Dic-
tyostelium discoideum. This mutant myosin shows aberrant actin interaction
whereby actomyosin dissociation becomes slow and rate-limiting in the pres-
ence of Mg(II), yet is rescued to wild-type activity by Mn(II). These data are
consistent with switch 1 being unable to efficiently close uponMgATP binding,
thus affecting the opening of the upper 50K domain. There are several relevant
and important applications to this metal switch technology that will allow fur-
ther biophysical characterization of molecular motors and molecular switch
proteins.
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Unlike the conventional kinesin motor proteins, which step towards the plus
end of the microtubule, the kinesin-14 family translocates cargo towards micro-
tubule minus ends. Following microtubule attachment, kinesin-14 motors use
energy derived from ATP hydrolysis to swing a "lever arm", consisting of
a long coiled-coil dimerization domain, in order to move their cargo in the di-
rection of travel. While atomic-resolution structures of several kinesin-14 con-
structs have been solved, the active states of force transduction only occur when
the motor is attached to the microtubule. Thus, the mechanism that drives lever
arm movement remains unclear. We solved a series of sub-nanometer cryo-EM
reconstructions of dimeric ncd, a kinesin-14 family member, in different chem-
ical states while attached to the microtubule. The maps reveal a series of
well-defined structural rearrangements in the ncd motor domain, suggesting
a mechanism for how microtubule attachment and subsequent ATP binding
can trigger a lever arm swing. Unexpectedly, our maps also indicate that the
unbound (or ‘‘tethered’’) catalytic head of our dimeric ncd construct, which
does not contact the microtubule, remains rotationally mobile in all the
microtubule-attached nucleotide states we examined. In contrast, the other
head always attaches to the microtubule in a well-defined orientation, and
the lever arm of the motor assembly projects rigidly away from this head while
exhibiting either ‘‘pre-’’ or ‘‘post-’’ power stroke conformations. These results
suggest a model in which the catalytic domains of an unattached ncd dimer
oscillate between different lever arm states in order to facilitate the search
for a new microtubule binding site; attachment would then lock the lever
arm angle in preparation for a power stroke.
1648-Pos Board B540
Structure of the Entire Stalk Region of the Dynein Motor Domain at 3.5-A˚
Resolution
Yosuke Nishikawa1, Takuji Oyama1, Masaki Edamatsu2,
Yoko Y. Toyoshima2, Takahide Kon1, Genji Kurisu1.
1Osaka University, Osaka, Japan, 2University of Tokyo, Tokyo, Japan.
Dyneins are large microtubule-based motor complexes (over 1000 kDa) that
power a wide variety of cellular processes through the coordinated action of
a number of subunits. The motor domain that is solely responsible for dynein’s
fundamental motor activity consists of an N-terminal linker of mechanical el-
ement, a central ring of six AAAþ modules four of which bind and hydrolyze
ATP, and a long stalk extended from the AAAþ ring that has a microtubule-
binding domain (MTBD) at its tip. Dynein’s domain organization has been re-
vealed by EM and, more recently by X-ray crystallographic studies.
A crucial mechanism underlying the motile activity of cytoskeletal motor pro-
teins is precise coupling between ATPase and track binding activities. In dy-
nein, the stalk region separates these two activities with a long (>10nm)
anti-parallel coiled coil, so that it must mediate communication between
them. Previous functional studies have provided evidence that this communica-
tion is mediated by small amount of helix sliding in the coiled coil. We have
tried to analyze the structure by X-ray crystallography and the microtubule
binding activity by co-sedimentation. Here, we report the crystal structure of
the entire portion of the mouse cytoplasmic dynein’s stalk, which was deter-
mined at 3.5-A˚ resolution by the SAD method. In this presentation, we will dis-
cuss structural basis for the helix sliding mechanism based on the crystal
structure.
